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Abstract 
The purpose of this study is to examine the effects of PBL and motivational styles of Turkish high school students' attitudes on
biology courses and on their academic achievements. Experimental study was conducted with 120 students. ANOVA was used to 
interpret the data. The results of the study indicated that, method and motivational styles did not affect on the attitudes of high
school students towards biology. This study showed that there was a significant difference between motivational styles of 
students who are the achiever and social.  
© 2010 Elsevier Ltd. 
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1. Introduction 
Problem-based learning has become a popular educational method. It is stated that problem-based learning has 
several advantages in terms of motivating to determine life long learning strategies and applying cognitive learning 
techniques (Van Til et al., 1997). Problem-based learning was first applied in the late 1960s in Medical School of 
Mc-Master University in Canada. Later it was used in America and Europe and it spreaded to the world (Fergusson, 
2003). In 1990s problem based learning was conducted in primary and secondary schools. The Problem-Based 
Learning Center which was founded in 1993 in Illionis Mathematics and Science Academy defined the problem 
based learning as (Sage, 1999): 
… an educational approach that organized curriculum and instruction around carrefully crafted “semi-
structured” problems. Students gather and apply knowledge from multiple disciplines in their quest for 
solutions. Guided by teachers trained as cognitive coaches, they develop critical thinking, problem 
solving, and collobrative skills as they identify problems, formulate hypothese, conduct data searches, 
perform experiments, formulate solutions and determine the best of “fit” solutions to the conditions of the 
problem. Problem-based learning enables students to embrace complicity, find relevance and joy in 
learning, and enhance their capacity for creative and responsible real-world problem-solving. 
Schraw & Brooks (2000), said that “Students of all ages need to control their learning through productive 
motivational beliefs and use of cognitive learning strategies.” Adar is the first person who stated that students may 
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have different motivational styles (Adar, 1969). He divided the motivational styles of students according to their 
dominant needs into four main groups, which are achiever, curious, social and conscientious. How different 
motivational styles and different learning methods affected students' academic achievement and their attitudes 
towards subjects was the content of Adar's study. In this study, the differences between Turkish students' 
motivational styles on their cognitive and sensory characteristics were examined by using problem based learning 
and traditional learning methods. 
1. Method 
1.1. The model 
In this study, experimental method with pretest- postest control group is used. The study is conducted on 120 
high school second grade students, 53 girls, and 67 boys. Students are randomly selected for experimental and 
control groups. This research is performed for 9 weeks in 18 class hours. In treatment group, the problem-based 
learning method is used and in control group, traditional teaching method is used to teach reproduction, growth, and 
development units of biology course.  
1.2. The data collection tools 
In this study questionnaire for observing motivational styles, academic achievement test and biology attitude 
scale are used to collect data. Before the research, the motivational styles of students were defined by the 
questionnaire about motivational styles with two forms that was developed by Adar (1969), Hofstein and Kempa 
(1985) and adapted into Turkish by Bahar (2003). This questionnaire was also used by some researchers like Al-
Naeme (1991), Johnstone & Al-Naeme (1995), Lyall & Johnstone (1999) in science education center in Glasgow 
University.  
Bahar (2003) explained the validity and reliability of the questionnaire used in this study as “The validity and 
reliability of the test had already been established.” The questionnaire that consists of two forms was distributed to 
the students in the beginning of the study. Form A is composed of class work, laboratory work, discovery learning 
and social life issues that may differ with respect to opinions of girls and boys towards science education. Four 
students and their ideas about science education are stated in bubbles in the questionnaire. The participinats of the 
study choose one of those four student's ideas that they like most and they write the name in the blank box. In terms 
of class work, some examples of the different items in the questionnaire are: 
• in class, I enjoy hearing about the applications to everyday life whether they are examined or not (curious); 
• the support of my friends is very important to me during exam times (social); 
• it is very important to me to be in the top few of the class (achiever); 
• I do not like to offer suggestions in class discussions unless I am sure I am right (conscientious) (Bahar, 
2003).
The motivational styles of participants were determined according to 4 main areas with 4 different ideas in 16 
speech bubbles in which student's opinions were written. If the student chooses 4 achiever's items (4:0) or 3 
achiever's items and a different item (3:1) or 2 achiever's items and 2 other different items (2:1:1), this student's 
motivational style is determined as achiever. If the student chooses 2 achiever's items, and 2 similar items despite 
the achiever's item, or only one item for each idea, his/ her motivational style cannot be determined.     
In form B, ideas are collected in 4 boxes that contain 4 opinions together. Participants are desired to choose one 
box. Form B is used to test the student's preferences stated in form A. If the preferences of students were consistent 
in both form A and B, their questionnaires are evaluated.  
The academic achievement test and biology attitude scale are developed by the researchers. Academic 
achievement test consists of 20 multiple questions. The difficulty rank is found as P= 0.061 and its difficulty is in 
intermeditade level. The difference score of test is D=0,58 which means that the test is highly powerful in difference 
score. KR-20 and Spearman-Brown's reliability coefficiences are equal to each other, both are found as 0,879.
The biology attitude scale is a likert type scale that is composed of 36 questions with 5 multiple-choice items. 
According to the factor analysis applied in a scale consisting of 56 items, Cronbach's alpha reliability coefficence is 
found as 0.941. 
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1.3. The data analysis 
After determining the motivational styles of students, academic achievement test and biology attitude scale were 
used both in the beginning and at the end of the study.  Collected data was analyzed by SPSS program. Analysis of 
variance (ANOVA) is used to interpret the data. The interaction between teaching methods (problem-based learning 
and traditional teaching) and motivational styles (achiever, curious, social and conscientious) with respect to 
academic achievement and attitudes towards biology two-way of ANOVA for independent samples is used. This 
statistical method is used for data collected in both pre-test and post-test separately. 
2. Results
2.1. Finding of pre-test scores 
In order to find the effects of method and motivational styles of students on their academic achievement, pre-test 
scores are analyzed with two-way ANOVA for independent samples. Distributions of variances test score is p=0.130 
(F(7-97)=1,650, p>.05). This score is more than 0.05 as a result it is seen that the distributions of variances are 
homogenous.  
It is seen that the pre-tests assessed by ANOVA, the difference between achievement scores of students treated 
by problem-based learning and control group treated by traditional method with respect to method (F(1-97)=3.397,
p=0.068, p>.05), motivational styles (F(3-97)=0.322, p=0.809, p>.05) and interaction between method and 
motivational styles (F(3-97)=0.827, p=0.482, p>.05) is not significant.  
Two-way ANOVA for independent samples is also used for assessing the pre-test scores of biology attitude 
scale. The score of distributions of variances test is p=0.474 (F(7-97)=0,948, p>.05). It is more than 0.05 and the basic 
assumption of ANOVA Levene’s test of is supplied.  
 According to the results of ANOVA, there is no significant difference between the scores of biology attitude 
scale applied before treatment. Among the method (F(1-97)=0.508, p=0.478, p>.05), the motivational styles (F(3-
97)=0.778, p=0.509, p>.05) and both method and motivational styles (F(3-97)=0.384, p=0.764, p>.05), it is found that 
there is no significant difference between the scores of academic achievement and attitudes towards biology. Based 
on the results of two ANOVA tests the scores show that both experimental and control groups’ academic 
achievement and attitudes towards biology are equal before the treatment. As a result, the data analyses of post-test 
scores are reliable.
2.2. Finding of post-test scores 
In order to assess the effects of learning method and motivational styles on academic achievement, two way 
ANOVA for independent samples is used in post-test scores. The basic assumption of ANOVA Levene’s test of 
equality of error variances is found as p=0.154, (F(7-83)=1,576, p>.05). This score is more than 0.05 that shows the 
distributions of variances are homogenous.  
According to the results of ANOVA test, there is no significant difference between the post-test achievement 
scores of experimental and control group with respect to learning method; F(1-83)=2.336, p=0.130, p>.05.
However, it is seen that the post-tests assessed by ANOVA, the difference between achievement scores of 
students treated by problem-based learning and control group treated by traditional method with respect to 
motivational styles ((F(3-83)=5.340, p=0.02, p<.05) and interaction between method and motivational styles (F(3-
83)=2.770, p=0.047, p<.05) is significant.  
It is found that there is no significant difference between the academic achievement scores of experimental group 
treated by problem-based learning and control group treated by traditional teaching method. It is also found that the 
motivational styles and the combination of motivational styles and learning method’s effect on academic 
achievement are statistically significant.  
In order to find the significant difference among groups and which groups in favor of, multiple comparisons 
table of post hoc test can be used. To make the variances equal, Tukey HSD test is applied. According to the results 
of HSD, between the motivational styles of achiever and social, in favor of the achiever motivational style, there is a 
significant difference between post-test achievement scores (p=0.007, p<.05).  
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ANOVA is used to determine the post-test scores of  biology attitude scale after treatment.  According to 
Levene’s test of equality of error variances, the result is found as; p=0,585 (F(7-79)=0,806, p>.05) and it is seen that 
the distributions of variances are homogenous.  
Based on the results of ANOVA, method (F(1-79)=2.045, p=0.157, p>.05), motivational styles (F(3-79)=1.451,
p=0.234, p>.05), and the interaction between motivational styles and method (F(3-79)=0.105, p=0.957, p>.05), there is 
not a significant difference between the scores of biology attitude scale in experimental group and control group 
after treatment.  
It is found that there is no significant difference between the attitudes towards biology scores of experimental 
group treated by problem-based learning and control group treated by traditional teaching method.
3. Discussion 
Problem-based learning did not make a meaningful affect on the academic achievements and attitudes towards 
biology of the students. But regarding the motivational styles, significant difference was observed between the 
academic successes of the achiever and the social motivational styles. This situation shows similarities when 
considered together with the learning method. There become differences in academic successes of the students who 
specify their motivational preferences in learning as focused on achieving and the ones who declare it as focused on 
their social needs. For that reason, it is possible for the students to have dissimilar achievements due to the applied 
method and motivational styles. 
Traditional teaching method is characterized with actively transferring of the information in the class by the 
teacher to the students as passive audience.  In this method information is generally tried to be passed to the students 
especially by speech. However, problem-based learning is a student oriented method and rather than information 
transferring, focuses on the cognitive processes in learning. Because of this fact, in problem-based learning, the 
basic principles of constructivism like activating the pre-knowledge of students and sociable learning are essential.  
That is why Krynock & Robb (1999) define problem-based learning as the epitome of constructivism. Similarly, 
Wilson (1996) specifies the problem-based learning as a perfect example of constructivism. For the students who get 
education in these two different methods, it is normal to present achievements parallel to their individual 
differences. Problem-based learning method, in which a sociable learning environment is created, is quite suitable 
for the students whose motivational styles are specified as social. However in order to be successful in this method, 
students should have sociable communication, usage of technology and problem solving skills (Cassarino, 2006).
In Turkey, preparation of constructivism approach based teaching programs and putting them into practice in 
primary education has taken place in 2005. In secondary education, teaching programs of  high school first grade 
class has been prepared according to the constructivism approach; while the development of teaching programs for  
high school second, third and fourth grade classes are in progress yet.  Till this time, mainly traditional teaching 
method has been applied in especially secondary education, which is quite familiar and get used to the students.  
Besides, transition to higher education after the high school is done via central examination.  Because of this, in the 
sight of students and teachers, acquiring massive information by the students in a short time is possible with the 
traditional teaching method.  On the other hand, the methods like problem-based learning method makes 
rememberence and effective usage of the acquired information possible, whilst providing less information gain in 
visible degree (Dochy et al. 2003). For this reason especially the ones who have achiever motivational style can be 
more successful in traditional learning method. Kempa & Diaz (1990) state in their research the strong relation 
between motivational styles and learning preferences of the students. They find that the students, who have 
conscientious motivational style, prefer formal learning environments more than the curious motivational style 
students who like open-ended situations like the inquiry laboratory activities.  The students, who have conscientious 
motivational style, want to make the practical studies only if all stages of the study are defined and a clear guideline 
is provided.  On the other hand, while the students who have curious motivational style prefer group discussions, the 
achiever motivational style students prefer the individualized or whole class participating educational environments 
(Hofstein & Lunetta, 2004). Considering the mentioned and similar researches which are consistent with the results 
of Kempa and Diaz's research, it is shown that the individual differences of students must be taken into 
consideration while building the education environments. 
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4. Conclusion and Recommendation 
The results of the research point that especially in science education, motivational styles of the students are 
required to be taken into consideration. It is very difficult to develop and apply the teaching methods and processes 
according to the motivational differences of students. But these difficulties may be handled when researches are 
made on which motivational style students can learn more meaningful and permanently with which methods; and by 
putting the results of these researches to the curriculum by the teaching program developers, together with properly 
application of the curriculum by the teachers. 
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